The objective of this study was to characterize commercial dulce de leche samples by Quantitative Descriptive Analysis (QDA) and affective tests and instrumental color and texture measurements. Thirteen sensory descriptors were assessed as follows: color, brightness, hardness, spreadability, cooked milk aroma, dulce de leche aroma, caramel aroma, sweet taste, milk flavor, dulce de leche flavor, caramel flavor; adhesiveness and firmness. Sample A differed from the other samples for the attributes milk flavor, dulce de leche flavor, caramel flavor, cooked milk aroma, dulce de leche aroma and caramel aroma (p≤0.05), which contributed to the depreciation of the product`s quality. In contrast, the samples E and F were the most accepted (p≤0.05) for overall impression and showed greater purchase intention by consumers. Both samples were characterized by the attributes dulce de leche aroma and dulce de leche flavor, which is considered the most important acceptance attributes for this product. In addition, sample E and F presented ideal creaminess and sweetness, respectively. These attributes were less pronounced in sample A, which presented less acceptance and purchase intention among all samples. The results for color and texture of the samples A and B followed the same trend as those obtained in the QDA, while the other samples exhibited opposite behavior. Thus, it is worth emphasizing the importance of the sensory evaluation, which cannot be replaced by instrumental analyses.
INTRODUCTION
Dulce de leche is a typical product of Latin America, with Brazil and Argentina being the largest producers and Italy, Spain, Mexico, Uruguay and Chile large consumers (Gaze et al., 2015) . The creamy dulce de leche is a dairy product similar to sweetened condensed milk, containing approximately 20% sucrose and produced by concentrating the milk up to 68% of total solids by boiling at atmospheric pressure Giménez et al., 2008) . Sodium bicarbonate is also used in the formulation to prevent casein coagulation and favor the Maillard reaction, responsible for the typical brown color of the product (Oliveira et al., 2009; De Silva et al., 2015) . In addition, dulce de leche can be used as raw material in the confectionery industry and also consumed alone or combined with bread, biscuits, cheeses, among other foods, due to its pleasant taste and high nutritional value (Hentges et al., 2010) .
Dulce de leche is a promising segment in the Brazilian market, with a growing interest in the exploration of the external market such as Europe and the United States (Hentges et al., 2010) . This fact leads to the need for standardization of the manufacturing process, since there is a lack of control during the processing and low equipment efficiency, which negatively affects the quality of the final product. However, several changes have been made in the formulations, including the use of the vacuum system, the increase in solids content in the initial blend and variations in the amounts of ingredients and sequence of cooking (Oliveira et al., 2009; Ranalli et al., 2012) . Color of dulce de leche can vary from light cream to very dark brown due to the intensity of the Maillard and caramelization reactions during manufacture (Klein et al., 2010) , affecting the quality of the final product. Thus, measuring the color of this product is quite important (Ferreira et al., 2012) , requiring sensitive instrumental methods, together with studies on the relationship between instrumental and sensory evaluation (Pauletti et al., 1992 (Pauletti et al., , 1996 .
Sensory evaluation is a very important field of research in the food industry, as it contributes directly or indirectly to numerous activities, such as the development of new products, quality control, cost reduction, process conditions, ingredients and analytical and sensory characterization (Stone et al., 2012) . Therefore, assessing the sensory profile of creamy dulce de leche can contribute with important information on its characteristics such as color, texture, brightness, among other attributes.
The objective of this study was to characterize commercial samples of creamy dulce de leche using Quantitative Descriptive Analysis (QDA) and affective tests and to perform instrumental color and texture measurements.
MATERIALS AND METHODS
Material: Six commercial dulce de leche samples were purchased from supermarkets in Campinas, SP, coded as A, B, C, D, E and F, of which B was a low-fat sample with 66% fat reduction. Sensory evaluation was carried out in the Laboratory of Sensory Science and Consumer Studies of the Faculty of Food Engineering at University of Campinas (UNICAMP), in individual booths in a temperature and light-controlled room.
Sensory evaluation:
Descriptive quantitative analysis: The Repertory Grid Kelly's Method was used to describe the sensory descriptors of dulce de leche (Moskowitz, 1983) . The assessors evaluated 6 samples divided into 3 pairs presented in complete balanced blocks and were asked to describe comparatively the similarities and differences of each sample pair.
After the assessors generated their own terms, a group discussion was held with the purpose of bringing together the similar descriptors and the respective intensity references to compose the descriptive form Table 1 .
The assessors were trained in 4 different sessions carried out in different days and a test was performed at the end of the training to define the team. The 6 samples were evaluated in three replicates, using the Quantitative Descriptive Analysis and a 9-cm unstructured scale for each term, as shown in Table 1 . The samples were offered in monadic form, in complete balanced blocks (Macfie et al., 1989) in individual cabins.
The assessors were selected based on the discriminatory power, reproducibility and agreement between judges (Ibáñez and Damasio, 1991) , assessed by two-factor analysis of variance (F sample and F repetition ) for each assessor for each attribute (Stone et al., 2012 Acceptance test and purchase intention: The acceptance and purchase intent tests were carried out in the Laboratory of Sensory Science and Consumer Studies of the Faculty of Food Engineering (UNICAMP) with 124 consumers, representative of the target audience. The acceptance attributes were appearance, aroma, flavor, texture and overall impression. A 9-cm unstructured hedonic scale was used, anchored in the extremes by "I disliked very much" and "I liked it very much" (Stone and Sidel, 2004) . Ideal sweetness and creaminess were also evaluated, using a 9-cm unstructured scale, with the central point of the scale corresponding to "ideal" (Stone et al., 2012) .
Consumers' attitude towards the purchase intention was also evaluated, using a five-point scale ranging from "I certainly would buy" to "I certainly would not buy" ( Meilgaard et al., 2006) .
Instrumental color and texture measurements:
The instrumental color was determined in a previously calibrated ColorQuest II colorimeter (Hunterlab, USA). The coordinates of the CIE Lab system (L *, a *, b *) were measured, with L* representing the luminosity (L * = 0 black, 100 white); a* representing red (+) to green (-); and b* representing yellow (+) to blue (-) (Freire et al., 2009) .
The texture of the dulce de leche was determined using the Texture Analyzer (TA XT2, England) with automatic data acquisition. A cylindrical acrylic probe (60/40) 40 mm long was used, under the following conditions: pre-test and test speed: 1 mm/s, post-test speed 3 mm/s, distance 10 mm and time of 0.5 sec. The following attributes were evaluated: hardness (maximum compression force during the first cycle); cohesiveness (extent to which a material can be deformed prior to rupture, provided by the ratio of the positive first areas under the first and second compression curves, A 2 /A 1 ); adhesiveness (force necessary to overcome the attractive forces between the surface of the food and the surface of other materials with which the food comes into contact, given by the negative force area after the first compression); chewing (energy required to chew a solid product until swallowing, determined by multiplying the values of hardness, elasticity and cohesiveness) and gumminess (energy required to disintegrate a semisolid food until swallowing, given by multiplying the values of hardness and cohesiveness) (De Silva et al., 2015) . All analyses were performed in triplicate.
Statistical analysis:
The results of the acceptance test, color parameters and instrumental texture were analyzed by Analysis of Variance (ANOVA) and Tukey's test at the 5% level of significance (p≤0.05). The results of QDA were submitted to Analysis of Variance (ANOVA), Tukey's test and Analysis of Principal Components using the SAS statistical program (2012) .
The correlation between the QDA and the acceptance data was determined through the Partial Least Square Regression Analysis (PLS) using the XLStat program (2012).
RESULTS AND DISCUSSION
Descriptive quantitative analysis: The performance of the assessors was analyzed by the p F sample and p F repetition , as shown in Table 2 . The assessors who presented p F sample < 0.30 and p F repetition > 0.05 and group consensus were selected for the test. Thus, eight assessors were selected for the Descriptive Quantitative Analysis of dulce de leche.
The main descriptors selected through the Grid`s method to evaluate the sensory profile of dulce de leche corroborated with those described by Giménez et al. (2008) .
The descriptors and their respective brands (A, B, C, D, E and F) obtained in the Quantitative Descriptive Analysis are shown in Table 3 .
Color represents one of the main sensory characteristics of dulce de leche (Pauletti et al., 1992) . As can be seen in Table 3 , sample D presented the highest score for this attribute when compared to the others (p≤0.05), followed by the samples F and E, with no significant difference between them (p≥0.05). However, these samples presented higher scores when compared to the samples B, C and A. In contrast, the sample A had the lowest score (p≤0.05).
Differences in dulce de leche color may be due to the changes in processing, such as initial acidity of milk, amount and stage of addition of sodium bicarbonate, reducing sugars content and cooking conditions (time, temperature and vapor pressure) (Della Lucia et al., 2003; Ferreira et al., 2012) .
Sample F had the lowest score for the attribute brightness (p≤0.05). According to the list of ingredients stated on the label, this sample did not contain glucose, which may have influenced the lower brightness, since glucose increases the brightness of dulce de leche due to its bright physical structure (Gaze et al., 2015) .
Sample B presented the highest score for the attribute hardness (p≤0.05) and the lowest score for 3 MSD: Minimal significant difference spreadability (p≤0.05). In addition, greater adhesiveness and greater firmness were observed in relation to the other samples (p≤0.05). Whereas it is a light sample, it contains thickening agents (xanthan, guar gum and sodium alginate) in its formulation, which probably affected the appearance and texture of the product. Opposite results were found for the sample F, which presented lower hardness, greater spreadability, lower adhesiveness and lower firmness when compared to the other samples (p≤0.05). According to the information stated on the label, this sample had no ingredient in its formulation to increase product's viscosity, such as thickening agents (gums, starch, pectin, among others) (Ferreira et al., 2012; De Silva et al., 2015) . Sample A presented higher scores for milk flavor and cooked milk flavor (p≤0.05) and lower scores for dulce de leche and caramel flavor and aroma (p≤0.05). Probably the manufacturing process of sample A was different from the others, with a lower intensity of the Maillard reaction during processing. The Maillard reaction is a chemical interaction between a free amino group of the protein with a reducing sugar and is responsible for the taste, aroma and color of dulce de leche (Gaze et al., 2015) . Figure 1 shows the spider diagram of the sensory evaluation of commercial dulce de leche and the heterogeneity in the descriptors.
As previously discussed, the differences between the brands may probably be due to the use of different ingredients and processing methods. In addition, regional factors have a great influence on products' characteristics, since the industries seek to meet the regional consumers' preferences (Della Lucia et al., 2003) .
The Principal Component Analysis (PCA) graph is shown in Fig. 2 . Each dulce de leche sample and its repetitions are represented by three points, each point corresponding to an average of the repetitions attributed by the sensory team.
The samples are located close to the vectors that characterize them. Two major components accounted for 72.2% of the total variability between samples. According to Minim (2010) , values above 70% corresponding to the accumulative PC 1 and PC 2 are considered representative. Sample A was characterized by cooked milk aroma and milk flavor. Samples B and D were characterized by the attributes firmness, adhesiveness and hardness. Sample C was characterized mainly by the attributes brightness, caramel aroma and caramel flavor, while the samples E and F were characterized by the dulce de leche aroma, dulce de leche flavor and spreadability. These results corroborate with the results found in QDA (Table 3) . Acceptance tests: Table 4 shows the results of the consumers` acceptance test for the attributes appearance, aroma, flavor, texture and overall impression of the dulce de leche. Regarding the appearance, the sample E differed significantly (p≤0.05) from the other samples and was the most accepted for this attribute. No significant differences (p≥0.05) were observed among the samples D, E and F for the aroma and flavor, thus indicating a consumers` preference for these brands. The same was observed for the samples E and F in relation to the texture and overall impression. An Internal Preference Map (Fig. 3A) was elaborated considering the individual responses of each consumer, which explained 60% of the variability between samples, indicating the consumers` preference for the samples D, E and F rather than A, B and C. In addition, the preference vectors (Fig. 3B) were close to the descriptors dulce de leche aroma, dulce de leche flavor and sweet taste, which best characterized the sample E. This result shows that consumers prefer the samples with aroma and flavor of dulce de leche and higher sweetness.
The samples E and F presented ideal creaminess and sweetness in the consumers' opinion ( Fig. 4A and  4B ), while the samples B and C were less accepted for these attributes. Figure 5 shows the results of the consumer's purchase intention of all dulce de leche samples. The highest percentages referring to the descriptions "would probably buy" and "would certainly buy" were found for the samples E and F. These results corroborate with the acceptance test and just-about-right scale for creaminess and sweetness. The highest percentage referring to the description "certainly would not buy" was found for the sample A.
Instrumental color and texture measurements: Instrumental color: As can be seen in Table 5 , significant differences (p≤0.05) were observed among the brands for the color parameters L, a * and b *, except for the L value of the samples C and F.
The L value represents the brightness and the closer to 100 the greater the luminosity of the sample. The component a* represents the variation from red (-) to green (+) while the component b * represents the variation from yellow (-) to blue (+) (Ranalli et al., 2012) . Sample A was considered the brightest sample, since it presented higher L and b * and lower a* values. Sample D presented lower L and b * values and intermediate a* value, thus being considered the darkest sample. These results confirm those observed in the Qualitative Descriptive Analysis (Table 3 ), indicating that the instrumental analysis was able to predict the sensory evaluation of the samples of the present study.
As discussed earlier, these differences in color may be due to several factors, including process time and temperature, as well as the ingredients used in the dulce de leche formulations (Gaze et al., 2015) . Table 5 presents the results of the instrumental texture of the six dulce de leche samples. The samples D and E presented lower hardness values and were statistically different (p≤0.05) from the other samples. In addition, sample D was considered the hardest sample in the QDA, while sample E was considered the least hard; therefore, in this case, the instrumental analysis was not able to predict the sensory evaluation.
In contrast, the results of instrumental texture corroborated the sensory evaluation of the sample B, since greater hardness and adhesiveness values were observed for this sample in both analyses, in addition to greater gumminess and chewing. As discussed earlier, the sample B corresponds to a low-fat sample, thus itcontains thickeners, which may lead to changes in texture since these ingredients are used to increase the viscosity of dulce de leche (Ferreira et al., 2012; Ranalli et al., 2012) .
Texture is one of the most important quality attributes in dulce de leche because it defines the characteristics of the product for later applications, especially for pasty products. Texture defects can negatively affect the consumers' acceptance, which is, in general, caused by inadequate manufacturing (Ranalli et al., 2012) .
The texture of dulce de leche is influenced by the milk constituents, including casein, whey proteins and fat globules to a lesser extent. The increase in consistency is directly proportional to the cooking temperature since high temperatures lead to a higher precipitation of β-lactoglobulin (whey protein) on the casein micelles. This interaction between proteins increases the consistency of the dulce de leche due to the lower mobility of the constituents (Gaze et al., 2015; Giménez et al., 2008; Oliveira et al., 2009) .
CONCLUSION

The
Quantitative Descriptive Analysis demonstrated a great heterogeneity of descriptors in the sensory profile of commercial dulce de leches. Sample A was significantly different (p≤0.05) from the others for the attributes milk flavor, dulce de leche flavor, caramel flavor, cooked milk aroma, dulce de leche aroma and caramel aroma, which contributed to the depreciation of the product`s quality. This fact was confirmed by the lower acceptance scores of this sample in the consumers' acceptance tests.
The samples E and F stood out in overall impression (p≤0.05) and purchase intention, besides ideal creaminess and sweetness, respectively.
The results of instrumental color and texture of the samples A and B, respectively, were similar to those obtained by QDA, which was not observed for the other samples. According to the results of the present study, although the instrumental analysis has proven to be a good tool to evaluate color and texture parameters of dulce de leche, it cannot replace the sensory evaluation.
